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(57) ABSTRACT 

An LED assembly is provided herein. The assembly com 
prises a thermally conductive housing (201), Wherein a 
portion of said housing is equipped With a plurality of ?ns 
(203); an LED (205) disposed in said housing; and a 
synthetic jet actuator (207) adapted to direct a synthetic jet 
onto said portion of the housing. 
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SYNTHETIC JET COOLING SYSTEM FOR LED 
MODULE 

FIELD OF THE DISCLOSURE 

[0001] The present disclosure relates generally to syn 
thetic jet actuators, and more speci?cally to the use of 
synthetic jet actuators to cool LED modules. 

BACKGROUND OF THE DISCLOSURE 

[0002] Light-emitting diodes (LEDs) have become ubiq 
uitous in the electronics World, Where they are utiliZed as 
light sources in a Wide variety of applications. Some speci?c 
examples include the use of LEDs as indicators and in 
electronic displays. More recently, the use of LEDs has 
expanded to such products as tra?ic control systems, street 
lighting, spot lighting for home and industrial applications 
and automobile headlights. 

[0003] FIG. 1 illustrates a typical diode 111 of the type 
used in an LED module. The diode 111, Which may comprise 
a semiconductor material such as AlGaAs, has a P-type 
region 113 and an N-type region 115 de?ned thereon. The 
P-type region 113 and the N-type region 115 are equipped 
With electrodes 117 and 119, respectively, and are separated 
by a junction 121 across Which a depletion Zone 123 exists. 
When the electrode 119 in contact With the N-type region 
115 is positively charged (thereby serving as an anode) and 
the electrode 117 in contact With the P-type region 113 is 
negatively charged (thereby serving as a cathode), free 
electrons and holes accumulate on opposing sides of the 
diode, thus Widening the depletion Zone 123. This process 
causes free electrons moving across the diode 111 to fall into 
empty holes from the P-type region 113, With an associated 
drop in the energy of the electrons from a conduction band 
to a loWer energy band. The energy released by this process 
is emitted as photons. Due to the particular band gap in 
AlGaAs and other semiconductor materials commonly used 
in LEDs, the frequencies of the emitted photons fall Within 
the visible region of the spectrum. Hence, When suitably 
harnessed, this phenomenon can be used to create LED light 
sources. 

[0004] FIG. 2 depicts a typical LED module Which incor 
porates a diode of the type depicted in FIG. 1. As seen 
therein, the LED module 131 comprises a diode 133 to 
Which is connected ?rst 135 and second 137 terminals. The 
diode 131 is enclosed Within a housing 139. The housing 
139 is constructed such that light emitted from the diode 133 
Which impinges on the side 141 of the housing Will be 
re?ected, While light impinging on the top 143 of the 
housing 139 Will be transmitted. Consequently, the diode 
133 acts as a directional light source. 

[0005] Due to their unique structure, LEDs have certain 
advantages over other knoWn light sources such as ?uores 
cent lamps, incandescent lamps and mercury lamps. In 
particular, LEDs do not utiliZe a ?lament. Hence, compared 
to ?lament-based light sources, illumination devices 
equipped With LEDs are more compact and, at least poten 
tially, have much longer life spans. 

[0006] At present, heat dissipation is one of the major 
obstacles currently facing commercial applications of LEDs, 
especially in applications that involve the use of LEDs as 
illumination sources. While LEDs have been demonstrated 
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to have lifetimes of 50,000 hours or greater, their lifetimes 
drop off sharply With increases in operating temperature. 
Thus, in one study reported in the literature, lifetimes in 
LED modules Were observed to drop more than 7-fold When 
the operating temperatures of the modules Were raised from 
25° C. to 900 C. 

[0007] In a typical LED, a signi?cant portion of the 
current that is applied to the electrodes is subsequently 
converted into thermal energy. In lighting applications, the 
amount of thermal energy generated is signi?cant, due to the 
number of lumens that the LED module must generate. 
Consequently, in order to maintain the illumination source at 
an acceptable operating temperature and to thereby achieve 
an adequate lifetime for the system, such an illumination 
source must be equipped With an ef?cient heat dissipation 
system. 

[0008] Some attempts have been made in the art to equip 
LED modules With thermal management systems. These 
approaches typically involve the installation of a heat sink 
on the back of a substrate to Which the LED is mounted. The 
heat sink is then used in conjunction With a heat dissipation 
system such as a fan or a pieZoelectric jet actuator. HoWever, 
While this approach does dissipate some of the heat gener 
ated by the LED module, it also increases the siZe and/or 
footprint of the module. Consequently, this approach com 
promises the compactness of the LED module, Which is one 
of the major advantages of LED light sources. Moreover, the 
use of fans or pieZoelectric devices to cool the heat sink is 
undesirable in that these devices generate noise, While most 
lighting applications require silent operation. Furthermore, 
in many applications such as ceiling mounted lighting, 
spatial constraints dictate a loW product pro?le. In such 
applications, the attachment of a heat sink to the back of the 
device provides no bene?t, since there is no means for 
entraining cool air or for disposing heated air into the 
ambient environment. 

[0009] There is thus a need in the art for a means for 
ef?ciently and quietly dissipating heat generated by an LED 
module, and for an LED module that incorporates such a 
means. There is further a need in the art for such an LED 
module that is compact and offers ?exibility of positioning. 
These and other needs are met by the devices and method 
ologies described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is an illustration of a prior art diode useful 
in light-emitting diode (LED) applications; 

[0011] FIG. 2 is an illustration of a prior art light-emitting 
diode module; 

[0012] FIG. 3 is an illustration of an LED assembly in 
accordance With the teachings herein; 

[0013] FIG. 4 is an illustration shoWing the bottom of one 
embodiment of an LED housing member equipped With a 
plurality of synthetic jet actuators that can be used to cool 
the LED in accordance With the teachings herein; 

[0014] FIG. 5 is an illustration shoWing the top vieW of the 
LED housing member of FIG. 4; 

[0015] FIG. 6 is a graph of the temperature rise over 
ambient temperature (in o C.) as a function of the quantity 
of heat dissipated (in W); 
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[0016] FIG. 7 is a graph of thermal resistance (in o C./W) 
as a function of frequency; 

[0017] FIG. 8 is a graph of thermal resistance (in o C./W) 
as a f unction of power (in W); 

[0018] FIG. 9 is a graph of percent improvement as a 
function of SPL (in dBA); 

[0019] FIG. 10 is a graph of SPL (in dBA) as a function 
of frequency (in HZ); 

[0020] FIG. 11 is a cross-sectional illustration of an 
embodiment of an LED assembly made in accordance With 
the teachings herein; 

[0021] FIG. 12 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 
[0022] FIG. 13 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 
[0023] FIG. 14 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 
[0024] FIG. 15 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0025] FIG. 16 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0026] FIG. 17 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0027] FIG. 18 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0028] FIG. 19 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0029] FIG. 20 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0030] FIG. 21 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0031] FIG. 22 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; 

[0032] FIG. 23 is an illustration of an embodiment of an 
LED assembly made in accordance With the teachings 
herein; and 

[0033] FIG. 24 is an illustration of an embodiment of a 
?uorescent lighting ?xture made in accordance With the 
teachings herein. 

SUMMARY OF THE DISCLOSURE 

[0034] In one aspect, an LED assembly is provided herein. 
The assembly comprises a housing, an LED disposed in said 
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housing, and a synthetic jet actuator adapted to direct a 
synthetic jet onto, along, or through said housing or said 
LED. 

[0035] In another aspect, an LED assembly is provided 
Which comprises a thermally conductive housing, Wherein a 
portion of said housing is equipped With a plurality of ?ns, 
and an LED is disposed in said housing. A synthetic jet 
actuator is provided Which is adapted to direct a synthetic jet 
onto said portion of the housing. 

[0036] In still another aspect, a light ?xture is provided 
herein Which comprises an elongated bulb having a ?rst 
terminal portion comprising a ?rst electrode and a second 
terminal portion comprising a second electrode, said bulb 
having a hot spot disposed along its length. A synthetic jet 
actuator is provided Which is adapted to direct a synthetic jet 
toWards said hot spot. 

[0037] These and other aspects of the present disclosure 
are described in greater detail beloW. 

DETAILED DESCRIPTION 

[0038] It has noW been found that the aforementioned 
needs can be addressed through the provision of an LED 
assembly equipped With one or more synthetic jet actuators 
that are adapted to directly cool the assembly, and in 
particular, the housing and/or diode thereof. Due to the high 
rate of heat dissipation offered by synthetic jet actuators, 
LED assemblies equipped With these devices can be main 
tained Within loWer operating temperature ranges, and hence 
experience longer lifetimes. 

[0039] The devices and methodologies disclosed herein 
can be appreciated With reference to FIG. 3, Which is an 
illustration of a ?rst embodiment of an LED assembly made 
in accordance With the teachings herein. The LED assembly 
201 comprises an LED housing 203 Which preferably com 
prises a thermally conductive material such as aluminum, 
copper, or various metal alloys, and Which is equipped With 
a plurality of ?ns 205. A synthetic jet actuator 207 is 
disposed on said LED housing 203 and is equipped With a 
plurality of noZZles 209 that are adapted to direct synthetic 
jets into the channels formed by adjacent ?ns 205. For 
clarity of illustration, the LED assembly 201 is shoWn With 
the synthetic jet actuator 207 being separated from the LED 
housing 203 by a gap, although in actual embodiments, such 
a gap may or may not exist. 

[0040] The details of the synthetic jet actuator 207 of FIG. 
3 may be appreciated in greater detail With reference to the 
particular embodiment depicted in FIGS. 4-5. As seen 
therein, in this particular embodiment, the actuator 207 
comprises a top member 221 (see FIG. 5) and a bottom 
member 223 (see FIG. 4) that enclose an interior space 225. 
The actuator 207 is equipped With a central opening 227 in 
Which a diaphragm is seated (the diaphragm has been 
removed for ease of illustration). The bottom member 223 is 
equipped With a plurality of noZZles 229 or apertures that are 
arranged around the periphery of the device in four discrete 
sets and that are driven by the diaphragm. In use, the 
diaphragm is made to vibrate at a suitable frequency so as to 
induce the formation of synthetic jets at the noZZles. 

[0041] The e?‘ectiveness of the systems described herein 
in cooling an LED assembly may be appreciated With 
reference to FIG. 6. The graph shoWn therein illustrates the 
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temperature rise (over ambient temperature) as a function of 
the quantity of heat to be dissipated. The data points denoted 
“SynJet” correspond to data obtained for an LED assembly 
of the type depicted in FIG. 3 Which is equipped With 
synthetic jet actuators, While the data points denoted “Natu 
ral” correspond to the analogous system Which is devoid of 
synthetic jet actuators. 

[0042] As seen in FIG. 6, the temperature rise of the LED 
system as a f unction of the quantity of heat to be dissipated 
is essentially linear for both systems. However, the slope of 
the curve corresponding to the “SynJet” system is less than 
half of the slope of the curve for the “Natural” system (about 
3.0 as compared to about 6.5). Hence, it can be seen that the 
LED assembly equipped With synthetic jet actuators pro 
vides a rate of heat dissipation that is about 2.2 times that of 
the comparative system that is not equipped With synthetic 
jet actuators. 

[0043] FIG. 7 illustrates the e?fect that the operating 
frequency of the synthetic jet actuator (that is, the frequency 
at Which the diaphragm of the synthetic jet actuator vibrates) 
has on the ability of the device to dissipate heat. As seen 
therein, as operating frequency increases, thermal resistance 
decreases, and hence heat dissipation increases. The rela 
tionship betWeen operating frequency and thermal resistance 
is not linear, and hence, the incremental gain in heat dissi 
pation per unit operating frequency begins to decrease as the 
operating frequency increases. 

[0044] Without Wishing to be bound by theory, it is 
believed that increases in operating frequency increase the 
mass ?oW rate of ambient ?uid around the heat generating 
surfaces, thus improving heat dissipation. HoWever, a point 
of diminishing returns is reached, due in part to the decreas 
ing ability of further increases in operating frequency to 
increase mass ?oW rate. Hence, these results suggest that, 
Within certain ranges, the operating frequency may be tai 
lored to the heat load. 

[0045] FIG. 8 is a graph of thermal resistance as a function 
of input (actuator) poWer for an LED assembly of the type 
depicted in FIG. 3. As seen therein, thermal resistance 
decreases as input poWer increases. HoWever, the relation 
ship is not linear, and thermal resistance is found to asymp 
totically approach a minimum. It can thus be seen that poWer 
input can be increased to a point to achieve loWer thermal 
resistance, but that a point of diminishing returns is reached. 

[0046] FIG. 9 illustrates the percent improvement in heat 
dissipation as a function of sound pressure level (SPL). As 
seen therein, heat dissipation improves as SPL increases and, 
at a Weighted Sound Pressure Level of 25 dBA, the improve 
ment in heat dissipation is about 2.5x. 

[0047] FIG. 10 illustrates the relationship betWeen SPL 
and frequency. As seen therein, SPL increases With actuator 
frequency in an essentially linear fashion. Hence, this graph 
demonstrates that higher frequencies result in higher acous 
tic noise. In this respect, operating frequencies of 150 HZ 
and loWer are found to be optimal. 

[0048] Anumber of variations are possible in the synthetic 
jet actuators utiliZed in the LED assemblies disclosed herein, 
as Well as in the LED assemblies themselves. For example, 
While the particular LED assembly of FIGS. 3-5 utiliZes a 
series of synthetic jets directed along the exterior of the LED 
housing to maintain the LED assembly Within a desired 

May 3, 2007 

operating temperature range, in other embodiments, syn 
thetic jets may be utiliZed along both the interior and exterior 
of the housing to augment thermal management. 

[0049] One such embodiment is depicted in FIG. 11. In the 
LED assembly 301 shoWn therein, the assembly 301 is 
equipped With a housing 303, a ?rst set 305 of synthetic jet 
actuators that are disposed along, and are adapted to cool, 
the exterior surface of the housing 303, and a second set 307 
of synthetic jet actuators that are disposed along, and are 
adapted to cool, the interior surface of the LED housing 303. 
Con?gurations of this type may optionally be used in 
conjunction With ?rst and second sets of ?ns Which are 
disposed, respectively, on the exterior and interior of the 
LED housing 303. In such embodiments, the ?rst 305 and 
second 307 sets of synthetic jet actuators Will preferably be 
arranged so that the synthetic jets produced are directed 
along the longitudinal axis of the channel formed by adja 
cent pairs of ?ns. It Will also be appreciated that, While the 
?rst set 305 of synthetic jet actuators are depicted as being 
staggered With respect to the second set 307 of synthetic jet 
actuators, the ?rst 305 and second 307 sets of synthetic jet 
actuators may also be arranged in an opposing fashion, or 
may be arranged independently of each other. 

[0050] In the LED assembly 301 depicted in FIG. 11, each 
of the individual synthetic jet actuators in the ?rst 305 and 
second 307 sets of synthetic jet actuators may be combined 
into a single synthetic jet actuator equipped With a plurality 
of males that are poWered by a common diaphragm, in 
Which case the ?rst 305 and second 307 sets of synthetic jet 
actuators are preferably disposed at a terminal end of the 
LED housing. Alternatively, each of the synthetic jet actua 
tors may each be poWered by its oWn diaphragm, or may be 
arranged into groups Which are poWered by a common 
diaphragm. For example, the ?rst set 305 of synthetic jet 
actuators may be poWered by a ?rst diaphragm, and the 
second set 307 of synthetic jet actuators may be poWered by 
a second diaphragm. When the ?rst 305 and second 307 sets 
of synthetic jet actuators are arranged in an opposing fash 
ion, opposing pairs of the synthetic jet actuators may be 
poWered olf of the same diaphragm. In other embodiments, 
some or all of the synthetic jet actuators (or noZZles asso 
ciated With a single synthetic jet actuator) may be adapted to 
direct a synthetic jet into channels formed Within the Walls 
of the LED housing. 

[0051] FIG. 12 is a schematic diagram Which illustrates an 
LED assembly 321 that uses an arrangement of synthetic jet 
actuators of the type illustrated in FIG. 11. The LED 
assembly 321 depicted therein comprises a housing 323, an 
LED circuitry package 325 (Which, in this embodiment, 
includes both the LED itself and its associated circuitry) and 
a synthetic jet actuator 327. As indicated by the arroWs, the 
actuator 327 is adapted to direct a plurality of synthetic jets 
along the interior and exterior surfaces of the housing 323, 
and betWeen the interior surface of the housing and the LED 
circuitry package 325. 

[0052] FIG. 13 is a schematic diagram of a further 
embodiment of an LED assembly 341 made in accordance 
With the teachings herein. The LED assembly 341 of FIG. 13 
is similar in many respects to the LED assembly depicted in 
FIG. 12, but differs in that the electronics package 343 is 
mounted on the backside of the synthetic jet actuator 345, 
While the LED 347 itself is mounted on the opposing surface 








